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The Nature of Intelligence

A storm of controversy has descended upon the once placid IQ-testing establish-
ment. If we are to seek a nontrivial understanding of the relationship between
natural intelligence on the one hand, and measurced intelligence (1Q) on the other,
there is one route to solution that will clearly not lead us to the heart of the
problem, and that we must avoid at all costs. This is the route in wvhich one de-
fines away (rather than defines) intelligence as whatever it is that 10 tests
measure,

Like other investigators in the field of intelligence, I have my own preferred
bag of tricks for studying intelligent functioning. I believe my methods have
worked rather well, and I will certainly share the major details of some of theue
methods with you. But I do not claim that they, and they alone, can tell us the
true nature of intelligence. Instecad, I am prepared to make an even morc daring
claiﬁ; namely, that most of the analytic methods for studying intelligence that
have been used have told us a fair amount about the nature of intelligence, and
that a careful examination of their findings reveals a common core of generaliza-
tions. The fact that this common core exists esscntially independently of the
method of analysis used convinces me that we nced not turn in despair to operatici-
al definitions, because we can make some generalizations about the naturce of intcl-
ligence that are not idiosyncratic to the methodological or theorctical preference:
of any particular school of thought. Let us consider now what four of these schoods
of thought arc, some findings that have emerged {rom them, and how these findings
generalize across the varvious schools,

Definitions of Intellipence

One approach to understanding what intellipence is invalves sisply asking

people to define it (in a nontrivial wav), Usuallv, these people are cunerts,

The most famous cxample of this appreach in action  can be found in "ot Vipenc:
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and its Measurement," a symposium in which the cditors of the Journal of Fducatioi-

al Psychology asked experts in the ficld of intelligence to indicate what thev con-
ceive 'intelligence' to be." (1) Fourtecen experts responded, and althoush the swr-
posium was presented way back in 192), one might speculate that similar Linds of
responses would be obtained from experts today. The definitiens included (a) the
power of good responses from the point of view of truth or fa-t (E. L. Thorndike);
(b) the ability to carry on abstract thinking (.. M. Terma@; (¢) having lcarned or
ability to learn to adjust onesclf to the environment (S, S. Colvin); (d) abilicv
to adapt oncsclf adequately to relatively new situations in life (R. Pintner); (o)
the capacity for knowledge and knowledge possessed (V. A. C. Henmon); (f) a biolo-
gical mechanism by which the effects of a complexity of stimuli ar- brought tosgether
and given a somewhat unified effect in behavior (J. Peterson); (g) the capacity to
inhibit an instinctive adjustment, the capacity teo redefince the inhibited adjustront
in the light of imaginally experienced trial and crror, and the volitional cavacite
to rcalize the modified instinctive adjustment into overt ‘behavior to the advant.:. o
of the individual as a social animal (L. L. Thurstone); (h) the capacity to acquirn
capacity (H. Woodrow); and (i) the capacity to learn or to profit by cxperience

(W. F. Dearborn). The other experts did not answer the question dircctly.

Viewed narrowly, there seem to be as many definitions of intellisence as there
were experts asked to define intelligence, Viewed broadly, hovever, at least three
themes seem to run through many of these definitions. One theme is the ability to
learn or profit from cxpericence, and the knowledpee actually acquired in thi. way
a sccond theme is real-world problem solving of the kind necded for adantation toe
the vagaries of an uncertain and changing environment; and a third theno s abstre o
thinking or reasoning ability, such a: that required in intepratineg inforoatjon
a variety of diverse sources, There is also a hint in some of these Jdotinition.,

particularly in that of Thurstone, and in the test of the cvapocium g vin To,




a motivational component in intelligence. In Thurstone's conceptualization, the
intellige t organism is one with the volitional capacity to translate the products
of the mind into actions that benefit the organism in its social milieu.

1 noted above the possibility one might speculate that similar kinds of re-
sponses might be obtained from the experts o6f today. In fact, somc colleagues and
1 at Yale conducted a survey by mail in which experts in the field of intelligence
were asked to rate (on a 1l to 9 scale) either how important each of 158 behaviors
is in defining their conception of an "ideally intelligent person," or how char-
acteristic each of these behaviors 1g in the bechavioral repertoire of such a
person. (2) We used the statistical technique of factor analysis to identify the
main constellations of behaviors that emerged from the responses of the 142 expevts

who replied. Factor analysis groups into constellations, or factors, ratings or

scores that are highly related to (i.e., correlated with) each other, and separates

ratings or scores that are only weakly related. Three such constellations emerged.

The first, which we labeled "verbal intelligence," included general learning and

comprehension abilities, as well as the knowledge gleaned from them. Examples of

behaviors entering into this factor were "displavs a good vocabulary," "reads with

high comprehension,”" "is intellectually curious," "leams rapidly, CONVerses

casily on a varicty of subjects," and "reads widely." The sccond constellation,

' ifncluded behaviors of the kind that

which we labeled "problem solving ability,'
might be viewed as involving abstract thinking or rcasoning in the intepration of

information, for cxample, "able to apply knowledge Lo problems at hand," "poses

problems fn an optimal wav,”" "solves problems well, plans ahead," "pets to the

heart of problems,” "considers the end result of actions,” and "approaches proble

thoupht fully.™  The third constellation, which we labeled "practical intellioence ™

included real-world adaptive behaviors cuch as "sizes up situations vell " "detoer-

. , " ;
mines how to achiicve goals,™ "displave awareness to the world around hiv or her, :




' Although 1 would not claim that these

"displays interest in the world at large.'
three factors coincide exactly with the three themes identified in a different wav
at a different time with different cxperts participating in the 192) symposium,

there is an apparent and I believe striking convergence in the abilitics that were
identified. The motivational component that scemed to run through some of the
earlier responses also seems to run through some of the more recent onces, if any-
thing, even more forcefully.

Even more striking, perhaps, than the convergence in views betwcen the experts
of yesterday and those of today is the convergence in views between the experts and
laypeople of our own time. When the same survey that was given to the oxperts was
given to a general sample of adults (nonstudents) in the New Haven area who answered
a newspaper advertisement to participate in a psychology experiment, the correlations
between the responses of the experts and the laypeople were almost as hiph as the
reliabilities of the respective sets of responses would permit, both for the ratings
of importance and for the ratings of characteristicness. Although the experts in our
sample all had received doctoral degrees in psychology, were all employed at maijer
colleges or universities, and had all published major rescarch in the fiecld of in-
telligence, their conceptions of intelligence differed hardly at all from the con-

ceptions of the general adult population.

Factors of Intelligence

In the study of experts' and lavpersons' conceptions of intellipence mentiendd
above, my colleagues and 1 factor analyzed people's ratings of behaviors that micht
be labelled "intelligent." A more conventional use of factor analysis, however, e
in the analvais of the aciual behaviors themselves.  For example, an investigaton
mipght factor analvze patterns of corvelations between scores on a larve nunber o
ability tests, looking for constellations of test scores that are hichlv related

te cach other, and hoping thereby to dizeover the

" L SOair RPN 1w R : vt e [ T UV 1 e




latent sources of individual differences that are hypothesized to generate obucrv~
able differences in scores on the tests. !i

A number of different factorial theorices of intelligence have been proposed,
each based upon factor analyses of various kinds of mentzl-ability tests. Investi- Ve
gators usually propose or selcct among factorial theories on the bases of criteria
such as psychological plausibility, parsimony, statistical goodness of fit, and the

like.

RS

The earliest factorial theory of the nature of intelligence was formulated by
the inventor of factor analysis, Charles Spearman. (3) Spearman's analysis of re-

lations among the kinds of mental tests he and other psychologists had been admin-

istering led him to propose what he inappropriately called a "two-f-ctor" theorwv

of intelligence. According to this theory, intelligence comprises two kinds of

factors (rather than just two factors)--a general factor and specific factors.
General ability, or "g," as measured by the general factor, is required for per- !
formance on mental tests of all kinds. Each specific ability, as measured by cach .

specific factor, is required for performance on just one kind of mental test. he-

cause there arc as many specific factors as there are tests, specific factors arc
wholly unparsimonious, i.e., fail to provide any reduction of the data, and hence |
are of little interest. There is only a single general factor, however, making

this factor of considerable interest.

As might be expected, the attempt to account for what is interesting in in-
1
telligent behavior via just a single factor proved to be too parsimonicus for the 41
tastes of most theorists: the single factor just didn't account for cnouch of the
variation in differcent individuals' scores to render it a reasonably complete on-
planation of intellipence. More recent theorists have subdivided the pencral factoer
into two or more sublactors, and, interestingly, there scems to be rather broad

agreement ameng contemporary factor theorists as to vhat at Teast two of theoe nah-

]
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factors should be. They are what have been called "crystallized" and "fluid”

abilities by Cattell, Horn, and their followers, and "verbal-educational'’ and
“practical-mechanical" abilities by Vernon and his followers. (4) The corresponding ahvi-
ities match very closcly for two different theories proposed by two different
rescarch groups. No investigators, including the present ones, would claim that
these are the only subfactors that might be identified, or that these subfactors
could not be subdivided further. To the contrary, most contemporary factor theorists
accept a hierarchical model of intelligence whereby further subdivisions are an in-
tegral part of their theories. What is striking, rather, is that a large number of
investigators find this particular division to be a plausible, although partial, onc.
In the Cattell-Horn terminology. crystallized ability includes the knowled:c
and skills mcasured by tests of vocabulary, general information, and rcading com-
prehension,  To a large extent, then, it represents the extent of a person's accul-
turation, both in terms of the outcomes of acculturation (vocabularv, general infer-
mation) and the processes of acculturation (reading comprechemsion). Stated in
another way, it may be viewed as a person's ability to learn or profit from exper-
ience, and the knowledge actually acquired in this way. When viewed in this way,
"crvstallized ability" is a label for one of the three themes that ran through the
definitions of intelligence considered earlicr, Fluid ability includes the skills
and knowledpe measured by abstract reasoning tests such as figural analogies (re-
quiring individuals te indicate which of several answer options is related to a €
term in the same way that a B term is related to an A term), figural series connle-
tions (requiring individuals to indicate which of several answer options completes
a ceometric progression), and figural classifications (requiring individuals to
indicate which of several answer options is most similar to several piven peo-
motric figures). Fluid ability mav be viewed as a person's ability to think an
reason abstractlyv, another one of the themes that ran throush the definations o

intelligcence considered earlicer.
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There is nothing in the Cattell-Horn or Vernon thcories that corresponds to
the theme of practical problem-solving or adaptational ability. Indeed, although

some investigators, such as Guilford, have included one or more factors of practi-

.cal intelligence in their theories, the search for a replicable factor of practical

or social intelligence that appears in multiple invescigations has been an elusive
one. (5) The motivational component that ran through the definitions of intelli-
gence can also be seen running through the writings of Cattell, and is perhaps
most clearly seen in Spearman's equation of g with "mental erergy." (6)

For complex statistical reasons that I have discussed elsewhere, it 1s possi-~
ble for the factor analysis of a given set of tests for a given set of subjects
to support more than one theory. (7) I have also shown, however, that these
"different'" theories may all be viewed as special cases of a single theory, wiéh
each special case highlighting different'aspects of the nature of intelligence. (8)
I believe, therefore, that too much has been made of differences among theories in
past britings, and not enough of their similarities.

Processes of Intelligence

Until about 1960, research on the nature of intelligence was dominated by the
factorial approach to intelligence (which is sometimes called the differential
approach or the psychometric approach). The publication in 1960 of two classic
works by two different sets of "information-processing psychologists'~-Miller,
Galanter, and Pribram, and Newell, Shaw, and Simon--initiated a change in emphasis
from research seeking to factor analyze the products of test performance to re-
search sceking to isolate the processes of test performance. (9) By the 1970's,
the information-processing approach was firmly cntrenched in the study of intelli-
gence. The adoption of the information-processing approach has not nccessitated
the rejection of what we learned from factor analysis. Rather, information-
processing psychologists have sought to supplement our understanding of the factors

of intelligence with an understanding of the processes that are responsible at

i ——————
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least in part for the generation of these factors as sources of individual dif- !

ferences. Examples of processes include encoding stimulus informution, inferring i
relations between stimuli, and applving these relations to new contexts. i
A number of different information-processing theories and methods have been

proposed by researchers such as Jack Carroll, Earl Hunt, Arthur Jenscen (whose

work on information processing can and should be distinguished from his work on ;
group differences in intelligence), James Pellegrino and Robert Glascr, Richard

Snow, and myself. (10)These.theories are similar in their postulation of sets of

i A Ll o

basic processes that are proposed to be used in intelligent information processing.
They differ in the identities of the processes, the complexity of the processes,
and the tasks from which the processes are isolated and which are alleged to t
measure intelligent performance. The tasks runge in complexity from choice re-

action time to complex reasoning problems. For example, in Hunt's theory, indi-

vidual differences in verbal ability are understood in terms of people's differen-

tial rates of access to highly overlearned information stored in memory. In my

own theory, individual differences in verbal ability are understood in terms of

people's differential incidental learning of new concepts presented in everydav

contexts.

It is not possible in the space allotted here to do justice to all of these

theories, or even to describe any of them in great detail. I will, however, pre-
sent the bare bones of my favorite theory, my own.
Whereas factorial theories usc the factor (e.g., verbal comprehension, spatial

visualization, and the 1ike) as the unit of analysis, my theory and -ertain other

information-processing theories use as the unit of analysis the component.  Whereas w
a factor can be any kind of underlying source of individual differcnces, a compo-
nent is an elementary information process that operates upon internal representa-

tions of objccts or symbols. It should be emphasized that what is called "elemens
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tary" in onc theory might be called "complex" in another: A component is elemen-
tary or complex with respect to the level of behavior a given theory is attempting
to account for. A component may translate a sensory input into a conceptual
representation, transform one conceptual representation into another, or trans-
late a conceptual representation into a motor output. (11)

Components of intelligence can be subdivided on the basis of the functions they
perform in intelligent problem solving. 7The subdivision is basically a matter of a
given theorist's choice, and must be evaluated for its plausibility. Consider the
possible form this subdivision takes in my own theory.

Components can be distinguished on the basis of function into five different
kinds: metacomponents, performance components, acquisition components, retention
components, and transfgr components. The functions of these kinds of components
will be illustrated in the context of their possible application to the solution of
analogy problems.

Metacomponents are higher-order control processes used for exccutive planning
and decision-making in problem solving. In an analogy problem, for example, one
needs to (a) decide just what kind of answer the problem requires--multiple-choice,
f11l-in, or whatever; (b) select ti inductive operations that are nceded to solve
an analogy; (c) decide upon an order in which the inductive or other operations
should be applied; (d) decide whether to represent information contained in the
terms of the analogy using a list of attributes, a multidimensional imaginal space,
or whatever; (e) decide how much time can be allotted to a given analogy; and (I)
monitor how well one is progressing toward finding the best of several analogy
completions,

Bi11 Salter and I have collected data in which we have isolated two metacon-
ponents of strategy selection (c in the above list) that we refer to as global

planning and local planning. The metacomponents were isolated by mathematical
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modeling of response time data in a complex analogical-reasoniung test. (12) Global
planning is applied to a set of problems that needs to be solved (e.g., an analogices
subtest on an IQ test) and is heavily influenced by the context in which the prob-
lems are presented; but it is uninfluenced by the particulars of individual prob-
lems within the set. Local planning is applied to individual problems within a
set, rather than to the set of problems as a whole. For very complex analogpies,

we have found that individuals with higher scores on a psychometric test of reason-
ing ability tend to spend more time than individuals with lower scores on global
planning, but less time on local planning. The brighter individuals, in other
words, seem to do more of their planning "up front" in performing a task.

Performance components are processes used in the ecxecution of stratepies for
task performance. Perfprmance components may be viewed as executing the plans and
implementing the decisions laid down by the metacomponents,

My collaborators and I have isolated performance components from a number of
different tasks by mathematical modeling of reaction time and error data, In an
analogies task, it has been found that individuals with higher scores on psvcho-
metric tests of reasoning ability tend.to spend more time in encoding the terms of
an analogy than do individuals witu lower scores, but less time in combining and
comp;fing terms, and in responding. This pattern of results is quite compatible
with the metacomponcntial pattern of results noted above. Brighter individuals
spend relatively more time in preparing for (combination and comparison) eperaticns
that act upon encodings of analogv stimuli, but relatively less time in actually
execut ing these operations,

Acquisition components are processes involved in learning new informationg
retent ion components are processes involved in retrieving information that has been
previously acquired; and transfer components are processes involved in carrving over

retained information from one situational context to another. Our rescarch has no
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yet rcached the point wherc we are able to specify what these processes are.

How does this information-processing conception of intclligence relate to the
definitional conceptions we considered, on the one hand, and to the factorial ones, un
the other? In typical testing situations, the measurement of crystallized abiliey
involves, for the most part, accumulated products of past executions of components
of acquisition, retention, and transfer. 1In tests of vocabulary and general in-
formation, for example, and to a lesser extent, in tests of reading comprebension,
the major determinant of individual differences will be knowledge acquired well
before the test was cver taken., In contrast, the measurement of fluid abjlity in-
volves, for the most part, current execution of components of performance. The
components of reasoning required for the solution of items such as figural analosics,
series completions, and classifications are executed at the time the test is actuallv
taken,

Viewed in terms of the themes described in the section on definitions of in-
telligence, operations of acquisition, retention, and transfer components determine
to a large extent one's ability to learn or profit from experience, and the knowled...
actually acquired from experience; operations of performance components arc largelv
respunsible for an individual's abstract thinking or reasoning ability; and the
metacomponents drive the components of all the other kinds. The metacomponents

may be seen as the motivational clement in the present theory, akin in sorme wav

to Spearman's concept of "mental energy.'" What is missing from this account, as
from the factorial account, is any firm handle on practical problem solving and
adaptation to real-world environments. Ve are currently attempting to apply nv
method of componential analysis to simulations of real-world task performance, and
arc hoping therchy to attain some understanding of how people carrv out consequential

actions In their ceveryday encounters with the environments in which they find them-

selves,

.
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Deficiencics of Intelligence

Numerous investigators have sought to understand the nature of intelligence
by assessing what it is that mentally retarded individuals lack. A number of dijf-
ferent approaches have been taken to understanding the nature of mental retardaticn,
but three approaches are of particular interest to us here.

A first approach, identified with investigators such as John Belmont, John
Borkowski, Ann Brown, Earl Butterfield, Joseph Campione, Norman Ellis, and David
Zeaman, secks to understand mental retardation in terms of ineffective functioning
of what were called above acquisition, retention, and transfer components, and
particularly, in the interaction between these kinds of ccmponents and metacom-
ponents, or control processes. (13) It has been possible in some of the research
using this approach to effect dramatic improvements in the learning and recall
performance of retarded individuals Ly training these individuals in strategies
for rehearsing items recently presented in word lists, strategies for organizing
the words on these lists in a way that makes them easier to recall (e.g., by
semantic category membership), strategies for apportioning study time during learn-
ing, and the like. In terms of the factorial language, subjects may be viewed as
having been trained in skills that lead to improved crystallized ability. 1In tercs
of the language of the definitional approach, subjects may be viewed as having been
trained to learn or profit from experience.

A second approach, identified with investigators such as Milton Budoff{, Carl
Bereiter, Sigfried Engelmann, and Rcuven Feuerstein, secks to understand mental
retardation in terms of ineffective functioning of what were called above perforiance
components, and particularly, in the interaction between this kind of component and
metacomponents. (l14) Improvements in performance on IQ tests have been attained
through the use of training bascd upon this approach. Feuerstein's instrumental
enr ichment program is probably the largest-scale program of this kind, and the

results of using it have been highly favorable. In terms of the factorial lanuua. v,
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subjects may be viewed as having bcen traincd in fluid ability skills, 1In terms

of the language of the definitional approach, subjects may be viewed as having .
been traincd in abstract reasoning and thinking skills.

A third approach, identified primarily with Edward Zigler, seeks to understand

mental retardation at least partly in terms of motivational variables that operate

differently in normal and retarded individuals. (15) Zigler has not claimed that
mental retardation should be understood primarily as some kind of motivational de-
ficiency. Rather, he has suggested that in order to understand fullv the effeccts

of cognitive deficiencies, one must understand how the effects of cognitive vari-

ables are mediated by motivational ones. By effecting quantitative and qualitative
changes in the motivational levels of retarded children, Zigler and his colleagues
have been able to obtain large improvements in these children's performance on tra-
ditional cognitive tasks. I believe that Zigler lias persuasively shown that the
motiv;tional component running through the notions of intelligence considered

earlier is important as well in understanding one source of deficient performance

in mentally retarded individuals.

No one seems to have proposed an approach to understanding mental retardation
in tc.ws of ineffective functioning in real-world environments (although the moti-
vational approach comes close to this in some respects), and with good reason,

Mildly retarded individuals, those who have been by far the most widelv studiced,

function surprisingly well in real-world settings. Indecd, mild retardation seerms

primarily to be an acadcmic problem and hence a childhood problem. Once the indi-
vidual's primary adaptation is to spheres other than academic ones, there are an
number of societal roles in which he or she can function cffectively.
Conclusions

On the basis of the review conducted above, T am prepared to suqpent that ane

fully adequate theory or measure of intelligence needs to take into acceunt at 1ot
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}
‘ four macruvcomponents of intellcectual performance. T am inclined to refer to then
‘ as "macrocomponents" in order to distinguish them from the "microcomponents® 1 de-
|

scribed earlier i presenting my own theory of intelligence. The four macrocemno-
. neants are:
j 1. Ability to learn and profit from cxperience and the products of this ex-
f perience (also referred to earlicr as crystallized ability and as the functioning

and products of acquisition, rcetention, and trimsfer components as driven by rmeta-
components). An intelligent person learns from his or her interactions with the
cenvironment, and uses his or her experience to greater advantage than does a less
intelligent person, As a result, the intelligent person tends to know more (excent
in cases of deprivation of an individual in his or her interactions with the c¢nviron-
ment, in which cases the opportunities to learn are simply not presented to the
individual),

2, Ability to think or reason abstractly (also referred to carlier as fluid

“w

ability and as the functioning of performance components as driven by metaconpo-
nents). An intellipent person can inter relations between events, apply these
rclations to new situations, integrate information, and otherwise cexploit given
and inferred information to greater advantaye than can a less irt o 1ligent nerscn,
3. Ability to adapt oneselt to the_vaparies of a changing and uncertain reol-
world cnviroument,  An intellipent person is a better practical problem solver thmn
is a less intellipent person.,  He or she is better able to cope with the challen o
that lite presents,  In making a decision as to vhether to consummale an important
putchase, for example, such a perwon is Tikely to consult more sources of nform—atien

to consalt in particular those somroes of inferomation that are most Tively to ¢on-

: i ; i s g ; i ey vy D
tain critical intormation, to evaluate and inteyrate the information that is aceuivod

in a4 more carcful manner, and to inveatipate more fully the alternatives that are

available, such an the purchase of a competing product, or the pardh e of no orres

duct at all,
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4. Ability Eg_motivate oneself to accomplish expeditiously the tasks onc nceds

Eg_accomplish. An intelligent person is more highly motivated than an unintellicent
one to accomplish the things that matter for successful adaptation to his or her
environment. Such a person expresses more of an orientation toward task accormplish-
ment.,

In distilling the findings of four approaches to intelligence in order to
identify the macrocomponents that are common to all or almost all of them, I have
of course been selective in my inclusion of information, and biased in my interpre-
tation of the information I have included. Whether or not my selections and biases
have been unfair is a matter for my readership and my peers in the field to judge.
Like all invustigators, I would like to believe that I have been rcasonable and
fair. One possibly promising sign that I have indeed been reasonable and fair is
that there is nothing nonobvious about the four macrocomponents I have listed; to
the contrary, they are abilities that people in various walks of life have for ranv
years asserted to be integral parts of intelligence. Indced, that is how thev ot
on the list! To the extent that these four items do seem to emerge in research on
intelligence, almost without regard to the approach that is used, one's confidence
in their importance to a theory of .ntelligence increases.

Since the majority of investigators of intelligence switched their allegiance
from the factorial approach (ypon which IQ tests were originally bascd) to the in-
formation-processing approach, we have learned a lot about certain aspccts of in-
telligent bchavior. Consider, for example, the analogy problem that is so frecuont-

ly found on tests of intelligence. Before the informat ion-processing analvsis of

analogy task pnerformance, we knew little morc than that the analogy was a very ool
measure of fluid ability. We now know (a) the component processes people use in
solving analogies, (b) the various strategics into which these proceses combine in

order to form a working procedurc for solution, (c¢) upon what kinds of internal
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representations for information these component processes and stratepics act, (d)

approximately how much time is spent on each component process for analogics of
different kinds, (e) approximately how likely each of these processies is to be exe-
cuted accurately, (f) which component processus are responsible to what degree for
the analogy's usefulness as a measure of fluid ability, and quite a bit more. Ve
also know how individuals differ in these various aspects of information processing, '
both within and across age levels. (16)

The knowledge we have gained from intensive information-processing analysis of
J problems found on 1Q tests convinces me that contemporary theories of intellijyence
are quite adequate in their accounts of the first two macrocomponents listed above.
But they are wholly inadequate in their accounts of the last two macrocomponents. 1
1f we return to the question posed at the beginning of the article regarding
the relationship between natural intclligence and measured intelligence, we find

that what IQ tests measure pretty much reflects the current state of theory, re-

gardless of the approach motivating the theory. Intelligence tests are auite

strong in their measurement of the first two microcomponents in the list, but quite weak in
their measurement of the last two macrocomponents. Note that factorial and |
information-processing theories have essentially the same patterns of strengthe
and weaknesses in this respect: A change from measurement of factors to measurcenent
of microcomponents will not alter the essential coverage of the tests, because the
items that have been analyzed via the two kinds of techniques are almost the same. B
Indeed, I have argued hcre and clscewhere in detail that the ground covered
by factorial and information-processing theorics is almost identical, (17)
I do not have any doubt that the motivation required to perform well on 1€
tests will provide at least some indication of the motivation an individual has
to perform in more typical kinds of situations; nor do 1 have any doubt that the
ability to solve the often somewhat obscure kiuds of problems presented on these

tests will correlate in some small degree with the ability to solve problems in the
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real world, But the measurement of these abilities provided by 1Q tests is minimal !
1

and certainly less than adequate.  Problems such as those both factorial and infor- ]
mat ion-processing investigators have studied can measure only a small subset of the '

skills that contribute to intelligent behavior, Pcople have tricd before to rcasure o

motivat ional and practical problem solving abilities, and thev have met with sone

success, at least in the motivational domain. (18) But 1 believe we nced to re- i

double these efforts, despite the frequent frustrations with which they have met

PR Y

in past rescearch,  Our present policy in rescarch on intelligence--to dircet alrost

e S

|

|
all of our c¢fforts toward further understanding and better measurement of those r
abilities that we have been most successful in understanding and weasuring in the #
past--is an understandable onc. This policy has been productive in the past, and 1 |
expect it will continue to be productive in the future, at least in the short run.
It is not likely to be the most productive policy to follow in the long run, however,
1 and many others believe we have pretty much reached a ceiling on what we can de
with the kinds of tests we presently have. As I stated above, changing the foris ;
of the scores from factorial to information-processing ones will not change the lim-
itations inherent in the narrow range of abilities we are presently studving., 1In H

order to improve our measurement of intelligence ana our theories of what gives rise
!

to scores on these measurements, we need to supplement what we have, both in tores

of measurement and theorv. Perhaps we will have to aceustom cursclves to expericnes :

’ \
ing more failures in meeting our short-term peals in order, hopefullyv, to expericio i
more successes in eventually necting our long-term poals,  These yods vould seor e !

include as an cssential part the understanding and measurement of intellbiyence in

the fullest sense of the term, vather than in a narrow and restrictive one, (19 A
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Washingtcn, DC 27350

Dr. Alfred F. Sncde

Trcining Analysis & Eveluaticn Greup
(TAFG)

Dept. cf the Navy

Orlandoc, FL 22813

W. Gury Thcmsen

Naval Ccenn Systems Center
Ccde 7122

San DPiegc, CA 921R2

Dr. Rcnald UWeitzman

Ccde SU4 12

Department cf Administrative Sciences
U. 3. Haval Pcstoraduste Scheel
Mentercy, CA 929040

Pace O

Navy

Dr. Rcbert Visher

Ccde 303

Mavy Perscnnel ED Center
San Diegc, CA 92152

DR. MARTIN F. WISKOFF
NAVY PERSCNNEL R& D CENTER
SEN DIEGO, Cr 92182

Mr Jchn H, Wclfe

Ccde P310

U. S. Navy Perscnnel Resciarch and
Navelcpaent Conter

San Diegc, CA 92152
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Army

Technical Nirecter

U. S. Army Reseorch Iastitute for She
Behavicral :nd Sceizl Sciences

5001 Eisenhcwer Avenue

Alexaondiria, VA 22332

HQ USARFUE & 7th Army
oDCSOPS

USAAREUE Directcr cf GED
APO lew York 09up>?

DR, RALPH DUSFK

U.S. ARMY RESEARCH INSTITUTE
5001 EISEMHOWER AVENUE
ALEYANDRIA, VA 22333

Dr. Michael Kaplan

U.5, ARAY RESEARCH IMSTITUTE
5001 EISENHCYER AVENUE
ALEXANDRIA, VA 22333

Dr. Miltcn S. Katz

Training Technical Area

U.S., Army Research Institute
5001 Eissnhcwer Avenue
Alexuandria, VA 22233

Dr. Harcld F. O'Neil, Jr.
Attn: PERI-OK

Army Resebreh Institute
5001 Eiserhcwer Avenuc
Mlexandria, VA 22333

pr. Rcbert Sasmcr

U. S. Army Besearch Institute for tie
Behavicral znd Scecial Jcienz-s

5001 Eisenhcwver Avenuz

Alexandria, VA 223723

Dr. Frederick Steinhaiscr

U. 5. Arnty Peseorel, Institute
5001 Eisenhcuwer fveonuo
Alexondria, VA 22332

Dr. Jcseph Vard

U.3, Army Fesecrel nstitute
5001 Fisenlcwer Avenue
Alexzndria, VA 23733
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Air Fcrce

Air University Library
AUL/LSE 7674143
Maxw21ll AFB, AL 36112

Dr. Earl A, Alluisi
HO, AFHRL (AFcSC)
Brocks AFB, TX 78235

or. Genevieve Haddad
Prcgram Manager

Life Sciences Directerate
AFOSR

Belling AFB, DC 20322

Dr. Renald G. Huzhes
AFHRL/OTR
Williams AFB, AZ 85224

Dr. Kess L. Mcrgan (AFHRL/LR)
V'right -Patterson AFB
Chio 45433

Dr. tialcclm Ree
AFHRL/V'P
Drcecks AFB, TX 78225

or. Marty Reckway
Technical Director
AFBRL(OT)

Villimas AFB, AZ 58224

700 TCHTU/TTGY Step 22
sheppurd AFB, TX 76311

Jach A, Therp, Maj., USAF
Lif> Icicnces Direclcrate
ANy

felling AFG, DC 20232
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Marines CoastGurd
‘d
1 H. William Greenup 1 Chicf, Psychclcgical heserch branch i
Education Adviscr (E£071) U. S. Ccast Guard (5-P-1/2/TPL2)
Educaticn Center, MCDEC Washingtcen, DC 20563
Quanticc, VA 22134
1 Mr. Thcmas A, larm .
1 Headquorters, U, S. Mcrine Cerps U. S. Ccast Guard Institute
Ccde KPI-20 P. 0. Substaticn 1,
Washingtcn, DC 20320 Oklahcma City, OK 731€9 : 3
4
F 1 Specizl Assistant fcr Marine (?
7 Cocrps Hatters | 4
+ 5 Code 100M &
Of fice cf MNaval Rescarch (
{ 800 N. Quincy st. i_
’ Arlington, VA 22717

1 DR. A.L. SLAFKO3IXY '
SCIENTIFIC ADVISCR (CCDE RD-1) !
HQ, U.G5. MARTUFE CCORP3
WASHINGTOM, DC 20320

Y
3
?
§.
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Other DD Civil Gevt
12 Defense Technical Infcrmoticn Center 1 Nr., Susan Chipn:=n
Canercn Stuticn, Cldo & Learning and Develcpent
Alexandria, VA 22314 Yiaticnil Institute of Efucaticn
Attn: TC 1207 10th Ttreet MW

' w. shingtcon, DC 20271

, 1 Dr. Dexter Fl-tcher
: ADVANCED RESEATCY PROJECTS AGENCY 1 P, Joseph 1. Lipscn
} 1400 JILSON BLVD. cEPY 1633
g ARLINGTON, vA  222(0 Niatienul Science Fcunioticn
[ \ishangton, LC 20550
1 Mlitery Assistant fer Training and

i Parscrnel Techncley 1 Williwn J. MeLlaurin

Office cf the Under Secretary cf Defense P, 201, Internil Revenue Serv. e

fcr Rosecrch & Engineering 2721 Jeffersen Davis Yighway
Rcera 3D127, The Pentazen Irlinzton, VA 22202

Washingtcn, DC 20730
1 Cr. Anirew R, liclnar
Scicvnce Educuticn Dev,
arid Researcl.
taticnal Science Fcunizticn
Washingten, DO 205%

1 Pcrscnnel RXD Centoer
Office cf Perscnnel Munajment
1070 E Street MU
Uashingten, DC 20419

1 Dr. H. Wallaco Sinaixe
Proprem Directer
Manpower Research and fiviscry Do
Smithscnian Instituticn
§01 ticrth Pitt Otreet
Mexindria, VA 22318

ryvi--c

1 Dr. Frank Withrcw
U, 0. Office ¢f Sluc.i.en
bR Mypyland Ave, U
Weshingten, DC 0200 . '

1 "o Jeseph L. Youno, Taveiter
Coaeiry g Copnitive  Procesn s
tacnaul Seience Fouroation
Vaningten Ve 20N
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Non Gevt Hon Gevt.
|
1 Dr. Jchn R. Anderscn 1 . Dr. Jackson Paatty
Department of Psycholcay Departnent cf Psycclcgy
1 : Carnegie lellcn University University c¢f Califcrnia
Pittsburgh, PA 15213 Lcs Angeles, CA 90024
‘ ) 1 Anderscn, Thcmas H., Pn.D. 1 Dr. Isaac Bejar »
' Center fcr the Ctudy ¢f Rauding Educaticnal Testing Service
‘ 174 Children's Reseczrch Center Princetcn, MJ Q3480
‘ 51 Gerty Drive .
Champiagn, IL A1820 1 Dr. Nichclas A. Ecnd -
Dept. of Psychclcyy
1 Dr. John Annett Sacramentc State Ccllege :
Departnment of Psychclcgy 600 Jay Strect U
University cf Varwick Sacramentc, CA 95310 1
Ccventry CYu4 7AL ff
ENGLAND 1 Dr. Lyle Bcurne f
Department cf Psycliclcgy ‘
1 DR. MICHPAEL ATICOD University cf Cclcradc
SCIENCE APPLICATIONS INSTITUTE Boulder, CO 30379 "
40 DENVER TECH. CENTER WEST }
7935 F. PRENTICE AVEKUE 1 Dr. Robe. t Frennan '
ENGLE.CCD, CO 80110 American Ccllege Testing Prcgroms
P. 0. Bex 168
1 J psychclcpical research unit Icwa City, IA 52240
Dept. cf Defense (Army Office)
Campbell Park A fices 1 Dr. Jchn S, Prown
Canberra ACT 2610, Australia XERQOX Palc Alto Pescarch Center
3333 Ccyote Rced
] Dr. Alan FPoddeley Palc Altoc, CA Qu3Cu
Medical Peseurch Ccuncil
Applied Psychclczy Unit 1 Dr. Bruce Fuchanan
15 Chuucer Rcad Department ¢f Ccmputer Science
Cambridge CR2 2EF Stanfcrd thniversity
ENGLAND Stanfcrd, CA Q4305
1 Dr. Patricia Ragyett 1 DR. C. VICTOR BUNDERSC!
Deparsaent cf Prycrclegy WICAT INC.,
University ¢f [unver UNIVERZITY PLA7ZP, SUITF 10
University Park 1150 SC. STATE CT. ‘
Denver, C 37203 OREY, UT fuesy
] Mr Avrcn Tarr 1 Pr, Put Carpenter
Department cf Coniputor Science Copariment of Psycliley
Stanford Univers:ty Carrcgae-Mellen Myvorsvy
Stoanfcr1, CA QUOn5 Pi'tshurgh, PA 19571
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Ncn Gevt

1 Dr. Jochn [, Carrcll
Psychcmetric Lab
Univ, of . Carclina
Davie Hall N134
Chapel Bill, NC 27514

1 Charles Myars Library
Livingstcne House
Livingstone Road
Stratfcrd
Londen EI5 2LJ
ENGLAND

1 Dr. William Chasc
Department cf Psychclcgy
Carnezie tellcn University
Pittsburgh, PA 15213

1 Dr. Mickeline Chi
Learring R & D Center
University c¢f Pittsourgh
2039 N'Hara Street
Pittsburgh, PA 15213

1 Pr. William Clancey
Department c¢f Computer Science
ftanferd University
Stanfcrd, CA 74305

1 Dr. Xennetr F., Clzark
College cf Arty % Sciences
University cf tochester
Fiver Ca=mpus Ct.'ien
Rcchestar, NY 14677

! Dr, *e¢rman Cliff
Dept. ¢f Psycteclery
Univ., ¢f Zc. Chiliferni
tmiv-orsity Pare
les frgeles, 01 a0c?

1 Dr. &llan v, Cclifng
Pclt Foranak & YHewrnn, Inc,
57 Mcutter Dot
Canbradpe , S 2107

Page 3 }i

Non Govti

Dr. Lynn A, Cccper

LRDC

University of Pittsburgh

3919 O'ilara Street 1
Pittsburgh, PA 15213 !

Dr. teredith P. Crawfcrd

Ancrican Psychclcgical Asscciaticn
1200 17th Streat, NV,

Washingtcn, DC 20026

Dr. Yenneth PR, Crcss |
Anacapa Sciences, Inc, {4
P.C. Drawer Q

Sants PBarbara, CA 93102

Dr. Emmanuel Donchin ‘
Pepartment of Psychclcgy .
University of Illincis .
Chumpaign, IL 61820 !

Dr. Hubert Dreyfus
Depurtment c¢f Philcscphy
University cf Califcrnia
Perkely, CA 94720

LCOL J. C. Eggenberger

DIFPFCTORATE OF PRRSOMNEL APPLIED RFSEART
NATINUNAL DEFENCE HD

1017 COLONMEL BY DRIVE

OTTAIA, CANADA KI1A 0X2

ERIC Facility-Acquisiticns
4R23 Punby fvenu.
Peth>sta, D 2704

Dr. Fd Feigenbr
Departaent cf o} iter Clence
Seoafor! naversgty

AT S st rr
Lol , Ca .

e 41, Forpusen
'1‘ 7 Cllege Testing Progros
« 1

v

‘s 1A FO24N
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Non Govt

Dr. Edwin A, Fleishmen

Advanced Rescarch Rescurces Organ.
Suite 200

4330 East Uest Highvay
Washingtcn, DC 20014

Dr. Jchn R. Frederilsen
Bolt feranek % Newnan
50 Mcultcn Street
Cambridge, 12 £2133

Dr. Alinda Friednman
Department ¢f Psychclcgy
University cf Alberta
Edmcntcn, Alberta

CANADA T6G 2E9

Dr. R. Edward Geiselman

Department cf Psychclegy
University cof California
Lcs Augeles, CA 9n024

DR. ROBERT GLASER

LRRC

UNIVERSITY OF PITTSBURGH
3939 O'HARA STREET
PITTSRURGH, PA 15213

Dr. Yarvin D. Glcck
217 Stcne liall
Cornell tniversity
Ithaca, NY 14852

Dr. T™ani21 Gcpher
Industrial % Management Fngineering

Technicn~Tsrael iInstitute cf Technclcgy

Haifu
ISRAEL

DR. JAUES G. GREFUN

LRDC

UNTVERTITY OF PITTURURGH
3039 O'IAEA CTREST
ITTRRUSGY, PA 15213

Dr. Ren Hambleten

Sehecel) cf Feucoticen
MIiversity of "issechusetts
Amkberst, A "0

Nen Govt

Dr. Harcld Hawkins
Department. ¢f Psychclcgy
University cf Oregcn
Eugence COR 974C3

Dr. Barbara Hayes-Rcth
The Rand Corpcraticn
1700 Main Street

Santa Monica, CA 90406

Dr. Frederick Hayes-Kcth
The Eand Corporazaticn
1700 Main Street

Santa Mcnica, CA 90406

Dr. James R. Hoffmen
Depurtment of Psychclegy
University cf Delaware
Newark, DE 19711

Glenda Greenwald, 4.

"Humean Intelligence Hewsletter®

P. 0. Bcx 1163
Birmingham, MI 48012

Dr, Llcyd lumphreys
Department cf Psychclesy
University cf Illincis
Champaign, IL 61820

Library

HumRRO/Vestern Divisicn
27857 Berwick Drive
Carmel, CA 933521

Dr. Earl Hunt

Dept. of Psychelcegy
University cf Vashinaten
Seattle, WA 95105

Dr. Steven V¥, Keele
Lept. ¢f Psyciclcyy
University of (reson
Eugene, CR O 9Q7L0%

Dr, Jalter Kintsch
Dopartmcent cf Psyclolcoey
Umiverzitly ¢f Ccloralde
Peulder, CO 20000

— -
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Ncn Govt

1 Dr. David Xieras
Department ¢f Psychclcegy
University c¢f Arizcna
Tusccn, AZ 25721

1 Dr. Stephen ¥csslyn
Harvard University
Department cf Psyciclesy
33 Kirklend Street
Cambridge, MA 02133

1 ¥r., Darlin Krcger
1117 Vie Geleta
Palcs Yerdes Estates, CA G0274

1 Dr. Jill Larkin
Departmcnt cf Psychclery
Carnegie M21llcn lniversity
Pitisburgh, PA 15213

1 Dr. Alcn LeszclAd

» Learniny R%D Center
University ¢f Pittsburgh
Pittshburgh, PA 152560

1 Dr. Charles Louis
Faculteit Sccinle letenschappen
Rijksuniversitoit Greningen
Oude Pcteringestraat
Greningen
NETHERLAYDS

1 Dr. James Lumsiden
Pepartment cf Psychclcay
University cf Western Australic
Nedlands ‘I A, 60N7Q
‘AUSTRALTA

1 Dr. Mark i“itller
Ccmputer Science Laberatcry
Texes Instruments, Inc.
Mail Staticen 271, P.O. Beox 22593%
Dallas, TX 75265

1 Dr. Allen tunrc
Pohrviceral Techuclogy Laberiteries
1245 Elena fve., Feurth Flcer
Redcnde Peach, CF 90277

Nen Govt

Dr. Dencld A tlerman
Dept. cf Psyctclcay C-009
Univ. cf Califcrnia, San Ciegc
La Jclla, CA 92093

Dr. !“:lvin R. lovick

356 Lindquist Center for MHeasurment
University ¢f Icwa

Icwa City, IA 52242

Dr. Josse Orlansky
Institute fcr Defense Analyses
400 Army MNavy Drive
Arlingtcn, VA 22202

Dr. Seymcur A. Papert

Massachusetts Institute of Technclezy

Artificial Intelligence Lab

545 Technclecpy Square

Canbridge, NMA  C213¢ '

Dr. James A. Paulscn
Pcrtlind State University
P.0. Fcx 751

Pcrtland, OR Q7207

MR. LUIGT PETRULLO
2431 Y. EDGEWCND STREET
ARLINGTON, VA 22207

Dr. tiartha Pclscn i
Department of Psychelcegy
University of Cclcrade
Bculder, CO 80302

DR. PETER POLSOHN

DEPT. OF PSYCHNLOGY
UNIVERSITY OF COLORADRO
ECQULDER, CC £803N9

Dr. Steven E. Pcltrcck
Depurtment. of Psycixleny
University cf Denver
Denver ,CO £0203

DR. DIANE M, RAMOFY-KLEE

R-¥ PESEARCH & DYZOTR'U FESIGH
3247 RIDGENONT PR IVE
BALIBU, CA 90235
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ticn Govt

HINRAT M. L. RAUCH
PIT Y

UUNDECHINTSTERTUM DER VERTEIDIGUNG

POSTEACH 1328
T-53 BN 1, GERMANY

Dr. tiark D. Reckase

Fducaticnal Psychclegy Dept.
University cof Misscuri-Celumbin
4 Hill Hall

Cclumbia, M0 65219

Dr. Fred Reif

SESAME :

c/c Physics Department
Unive: sity of Culifornia
Rerkely, CA Q4720

Dr. Andrew Y. Rcse

Anerican Institutes fcr Research
1055 Themoas Jeffersen St. N
Llushingten, LC 2n007

Dr. Ernst 7. Rcthkepf
Bell Laberateries

600 Mcuntain Avenue
Murray Hill, MJ 07974

PROF. FUMIRO SAMEJTMA
DEPT. OF PSYCHCLNAGY
UNIVERSITY OF TENNESSEE
KNOXVILLE, TH 37910

Dr. Irwin ZSarascn
Department cf Psyctcleay
University cf lzshingten
Seattle, WA ani9s

DR, WALTER G7HUEINER
LepT. CF PAVTUNLOGY
UHTVERIITY ¥ JLLTUNTS
CHAT'PAIGH, 1L AMle2C

Dr. Alan Scheooenfeld
Department, of itnematics
Himilten Colloce

Clintcn, Yy 12927

Page 1

fcn Govt

Cemmittee cn Cepnitive Research
% Dr. Lcnnie R. Sherrcd

Sccial Science Research Ccuncil
605 Third Avenue

Mew York, NY 10016

Rcbert =, Siegler
Associate Prcfesscr
Carncgie-Mellcn University
Department of Fsychclcny
Schenley Park

Pittsburgh, PA 15213

Dr. Rcbert Smith

Department cf Ccmputer Science
Rutzers University

New Erunswick, NJ 02903

Dr. Richard Sncw

Scheel of Educaticn
Stanfcrd Univeroity
Stanferd, CA  QU3NS

CR.OALDERT STEVENS

UALT BERANEK & NEJUAN, INC.
50 MCULTON STERET
CAMBRIDGE, A 02128

Dr. Thcmas G. Sticht

Directcr, Basic Skills Divisicn
HU''RRO

300 M. Washingtern Stroeet
Alexondria,VA 22314

Dr. David Stcne
ED 226

SuUnyY, Albany
Albony, NY 12222

NDR. PATRICA GUPPES

INGTITOTE FOR NATEZUATICIL STUDTCS

THE 3O0CTAL aCImuces
STANSCRD UNTVERSITY
STAUFORD, CA quannr

I
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Non Gevt

1 Dr. Hariharon Suaminathan
Laboratcry ¢f Psychemetric and
Evaluaticn F2search
Schceel cf Educaticn
University cf i'assachusetts
Amherst, 1A 01003

1 Dr. Kikumi Tutsucka
Ccmputer Eased Fducaticn Research
Labcratcry
252 Enginesrint Research Labcratcry
University ¢f Illincis
Urbana, IL 615M

1 Dr. David Thissen
Cepartnent of Psychclegy
University ¢f Yansas
Lawrence, KS €604

i Dr. Jchn Themas

It The~as J. liatsen Research Center
P.0. Pcx 218

Ycrktcwn Heights, NY 1059R%

1 DR. PERRY THORUDY!'E
THE RAUD CORPORATION
1700 MAIN STREFT
SANTA MCHICA, CA 90496

1 Dr. Douzlas Tcwvne
Univ. c¢f S¢. Califernia
Behavicral Tochneclogy Labs
1845 S, Elena Ave,

Redcndc Peach, CA 90277

1 Dr. J. Unhlzner
Perceptrenics, Inc,
5271 Variel Avenue
Vocdlend KHills, CA G13RL

1 Dr. Penten J. Underwced
Dept. ¢f Psycicloeyy
Lerthwestern University
Evanstcen, IL 60201

1 Dr., William R. Uttial
University cf Hichignn
Institute for Tcciel Research
Ann Arber, NI 42104

vage 12

Non Govt

Dr. Howard Heliner

Purcau cf Sccinl £7:ence Kesecarch
1992 M Street, N,
Washinagten, DC 20026

Ly
Vi

Dr. Phyllis Veaver
Graduate Schccl cf Educaticn
Harvaord University
200 Larsen Hall, Appien Way
Cambridze, MA 02138

Dr. David J. ieiss

N66D Ellictt Hall
University cf liinnescta
75 E. River PRouad
Minneapclis, 11 55u455

Dr. Keith T, Wesccurt
Infcrmaticon Sciences Dept.
The Rand Ccrpcrnticn

170C Main St.

Santa Mcnica, CA 0QUNE

DR, SUZaM E, WBITELY
PSYCHOLOGY DEPAFTMENT
UNIVIRIITY OF KALSAS
LAUVEFNCE, KANSAS o60ul

Dr. Christcpher lickens
Department ¢f Psyclclepy
University ¢f Illincis
Chempuizn, IL 61820

Dr. J. frthur lccdu:rd
Departrient cf Fsyciroicgy
University cf Califcrniz
Les ingeles, CA 907ZY
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